As our healthcare system moves towards bundling payments, it is vital to understand the potential financial implications associated with treatment of surgical complications. Considering that surgical treatment of ankle fractures is common, there remains minimal data relating costs to postsurgical intervention. We aimed to identify costs associated with ankle fracture complications through case-control analysis. Using retrospective analysis at a level I trauma center, 28 patients with isolated ankle fractures who developed complications (cases) were matched with 28 isolated ankle fracture patients without complications (controls) based on ASA score, age, surgery type, and fracture type. Patient charts were reviewed for demographics and complications leading to readmission/reoperation and costs were obtained from the financial department. Wilcoxon tests measured differences in the costs between the cases and controls. 28 out of 439 patients (6.4%) developed complications. Length of stay and median costs were significantly higher for cases than controls. Specifically, differences in total costs existed for infection and hardware-related pain. This is the first study to highlight the considerable costs associated with the treatment of complications due to isolated ankle fractures. Physicians must therefore emphasize methods to control surgical and nonsurgical factors that may impact postoperative complications, especially under a global payment system.
Introduction
Healthcare costs in the United States were approximately $2.8 trillion in 2012, representing 17.9% of the national gross domestic product [1] . In an effort to curb the rising costs of care, our healthcare system is moving towards a global payment model in which readmissions for complications may not be reimbursed. Given that ankle fractures, occurring at a rate of 187 per 100,000 people each year, are one of the most common injuries treated by orthopaedic surgeons, it is important to understand the costs of treating the surgical complications that can arise from these injuries and the resultant financial implications that may occur under a bundled or global payment system [2] .
Unfortunately, even with the high frequency of these injuries, there is minimal literature regarding the financial costs of ankle fracture complications. For example, in an economic analysis by Belatti and Phisitkul, foot and ankle diseases in the Medicare population were estimated to cost $11 billion in 2011, with treatment secondary to fractures contributing to 31% of these costs [3] . However, these authors did not differentiate ankle fractures from other fractures of the foot and did not analyze the costs secondary to complications. Manoukian et al. investigated ankle fracture costs based on the timing of operation in relation to when patients are admitted to the hospital, but their analysis did not focus on complications or specific areas of costs during the hospitalization [4] . Additionally, Murray and colleagues investigated index hospitalization and readmission costs for ankle fracture patients based on type of surgery; however, the authors did not identify reasons for readmission based on type of complication [5] .
Advances in Orthopedics
Despite studies focusing on various aspects of costs related to ankle fractures, to date, no study has investigated the costs related to the types of complications that these patients with ankle fractures may develop. In a bundledpayment system under which these complications may not be reimbursed, it is vital for the practicing orthopaedic surgeon to understand the financial implications associated with postsurgical complications.
To evaluate the costs associated with ankle fracture complications, we designed a case control analysis where we matched patients who developed complications after ankle fracture surgery ("cases") to those who did not develop complications (controls). The analysis of these cohorts enables us to determine the costs associated with each type of complication. Furthermore, by categorizing the costs associated with different hospital services, we found which factors have the greatest impact on overall expenditures. Therefore, understanding these variations in costs may help drive policymaking to better prepare orthopaedic surgeons for a bundled-payment system.
Methods
After institutional review board approval, all patients treated at a level I trauma center from January 1, 2000, to January 1, 2010, for ankle fractures were identified through a CPT code search of the university's orthopaedic database. Patient charts were reviewed to include only those who had isolated ankle fractures without any concomitant injuries, including additional fractures, organ injuries, or neurovascular injuries. The charts of these remaining patients were reviewed for basic demographic information including age and gender, as well as type of fracture, fracture location, length of stay for index hospitalization and readmissions, American Society of Anesthesiologist (ASA) score, and complications. Complications included those that resulted in reoperation or readmission and included nonunion, infection, hardware pain, hardware failure, and malunion.
Patients with complications (cases) were matched to those without complications (controls) following principles in orthopaedic literature, which are based on correlating specific factors that may be associated with the outcome of interest. In our study, we matched by ASA score (within one score), age (within 10 years), type of surgery (based on CPT code), and type of fracture (open versus closed) as several studies found correlations between these variables and development of complications [6] [7] [8] . Costs for cases and controls were obtained from the university's financial database and included professional and technical charges. Professional charges were subcategorized into costs related to surgery, radiology, and evaluation and management of patients, whereas technical charges included diagnostic, room and board, surgical implant/materials, and pharmacy charges. Wilcoxon ranked-sum tests were performed to compare the differences in costs and length of stay between the case patients and control patients. 
Results
Through a CPT code search, 439 patients presented with isolated ankle fractures, of which 28 developed a post-surgical complication. Basic demographic data, including age, gender, fracture type, and ASA score, for the 28 cases and their corresponding 28 controls is provided in Table 1 . The average age of cases was 44 ± 15 years compared to 45 ± 14 years for the control group. Both groups had 15 closed (53.6%) and 13 open (46.4%) fractures, and the average ASA score for cases was 2.14 ± 0.59 compared to 2.21 ± 0.57 for controls. Of the 28 patients with complications, 7 (25.0%) had nonunion, 8 (28.6%) had infection, 10 (35.7%) had hardware pain, 3 (10.7%) had hardware failure, and 1 (3.6%) had malunion. Table 2 provides the median charges for cases and controls without controlling for type of complication. There were significant differences in median charges between the groups with respect to both professional charges (difference of $8,185) and technical charges (difference of $32,532). Among the professional charges, the median surgical charges specifically differed between the case and control groups ($13,857 and $6,931, resp.). The technical charges associated with implant/materials and pharmacy charges were also significantly higher in the cases when compared to the controls (Table 2) . Furthermore, the overall length of stay was greater for the cases (5.5 days) compared to controls (3.0 days) ( = 0.028).
Figures 1 and 2 detail the aggregate professional and technical charges, respectively, for the 28 patients within each group. The cases had higher aggregate costs in each category except for radiology charges. In sum, the 28 cases had an aggregate professional and technical charge of $3,090,331 compared to $1,637,589 for the 28 controls. $16,397 versus $6,888, resp.). For infections, both professional and technical charges were significantly higher in the patients who presented with this complication, resulting in significantly higher total charges, $128,122 for the cases compared to $49,983 for the controls. These significant differences in charges between the groups were driven by greater surgical, room and board, and pharmacy costs for the patients with infections. The length of stay was also 16.0 days for the case group that presented with infection, which was significantly longer than the length of stay calculated for the control group (3.0 days) ( ≤ 0.001). Similarly for hardware-related pain, the cases presented with both higher professional and technical charges; however, these costs were mainly due surgical and pharmacy charges, respectively. There were no significant differences in all categories of charges between cases and controls for hardware failure, although only 3 patients had this type of complication. Finally, only 1 patient had a nonunion out of our series of 28 patients; therefore a Wilcoxon ranked test was not run. However, this 1 patient did have greater costs in all categories except radiology ($260 versus $2,045) and diagnostics ($13,160 versus $14,478) compared to a similarly matched patient. Figure 3 provides a comparison of median costs associated with each type of complication. Infection resulted in the greatest expense for patients, whereas hardware failure resulted in the lowest charges.
Discussion
Our study is the first to report on the specific costs associated with complications related to surgical treatment of patient patients who developed infections or had hardware-related pain experienced significantly higher costs compared to their corresponding control patients. Specific subcategories of professional and technical charges, like surgical charges, were higher or lower depending on the type of complication, thereby highlighting areas that may cause the greatest financial risk under a bundled-payment system. To our knowledge, no other study has compared the costs of all common ankle fracture complications. However, a few studies have investigated costs with certain aspects of ankle fractures and therefore serve as a basis for comparison. In Sanders et al. 's study of 11 open grade IIIB ankle fractures, average inpatient charges were just over $62,000 per patient [9] . This patient cohort consisted of patients with and without complications including soft tissue infection and osteomyelitis. Similarly, in our study we found a median inpatient charge of $61,000 when combining the cases and controls together. Marsh and colleagues investigated 7 patients with supramalleolar nonunions after tibial plafond fractures and found an average patient cost of $66,491 per patient to treat these nonunions [10] . In our analysis, we found a similar result with a slightly higher median value of $70,644 in nonunion patients. Given the similarity of our results to isolated results in the literature, we have some external validation of our data thereby helping the generalizability of our results.
Given that the annual rate of ankle fractures is 187 per 100,000 Americans, then, based on the current US population of approximately 318 million people, nearly 594,650 Americans sustain ankle fractures each year [1, 11] . Based on our study, of those with ankle fractures, about 6.4%, or approximately 38,000 individuals, will develop complications. In fact, this complication rate is conservative compared to other studies that determined complication rates for ankle fractures to be upwards of 30% of patients [11, 12] . Based on the rate of $3 million in aggregate charges per 28 patients with complications in our study, 38,000 complications would cost the US healthcare system $4.1 billion in treatment each year. Complications related to surgical treatment of ankle fractures alone would, therefore, incur a small, yet, significant portion of healthcare costs.
The results of our study identify specific complications that are more likely to increase costs for postsurgical ankle fracture patients. Orthopaedic surgeons should be aware of the high costs associated with treatment of complications including infection. Such a finding emphasizes the importance of preoperative antibiotics and thorough debridement in open fractures, minimizing soft-tissue stripping intraoperatively, and employing 24 hours of postoperative antibiotics following surgical intervention [13, 14] .
Although not specifically assessed in this study, the mode of fixation utilized is known to have variable costs. Murray et al. reported that external fixation of ankle fractures results in greater financial expenditures compared to open reduction internal fixation [5] . Moreover, locking plate technology is more costly than a standard plate. It is the opinion of the authors that every case is unique and the mode of fixation should be geared at effectively attaining and maintaining fracture reduction. In an era of cost-containment, not only is the patient selection important, but also choice of implant should render effective maintenance of fracture reduction while concomitantly limiting potential hardware and softtissue complications. The role of optimizing patient's medical comorbidities prior to surgical intervention (e.g., glucose control, selectively discontinuing immunosuppressants, addressing tobacco use, ASA) is essential. Finally, room and board or hospital length costs may be decreased through early operations and identifying patients who are predisposed to longer lengths of stay based on well-established risk factors to facilitate discharge [15] [16] [17] .
Our study had some limitations. For one, our cost calculations were based only on the type of complication. However, other factors impact ankle surgery costs and may confound the relationship between costs and type of complication. Furthermore, while we matched patients on multiple comorbidities, additional factors such as open fracture grade may have been important to control for given the clear link between open fracture grade and infection risk [18] . It may be difficult to fully generalize our results based on the definitions our institution uses in categorizing costs. As some areas like malunion only had one patient with an isolated injury, it will be important to repeat our analysis with a larger cohort of patients. Additionally, as this study was completed in an academic medical center, the involvement of residents in patient care may bring into question whether this is an independent risk factor for postoperative complication.
Advances in Orthopedics
Although the evaluation of such trainee involvement has predominantly been addressed in the general surgery literature, a recent report of 13,109 total hip arthroplasty cases shows no increased complication rates within the first 30 days following primary [19] [20] [21] [22] [23] [24] . Given the numerous reports as well as the aforementioned large-scale study, resident involvement in these procedures should continue to be encouraged and cultivated. Albeit no surgical intervention is without risk of post-surgical complication, patient and surgeon factors should be mitigated to enable a complication-free outcome.
Our study determined that complications due to isolated ankle fractures greatly increase the cost of treatment. Even though complications cannot be completely prevented in surgery, practicing orthopaedic surgeons should remain vigilant in minimizing factors that potentially lead to complications. Overall, by finding avenues to reduce complications, orthopaedic surgeons can also minimize charges under a bundled-payment system.
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